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^ Abstract 

This article accompanies the submission of a fluid dynamics video 
^ (entry V032) of inertial particle entrainment in a shearless mixing layer 

• i-H for the Gallery of Fluid Motion of the 64th Annual Meeting of the 

American Physical Society, Division of Fluid Dynamics. 

I— ' 1 Numerical simulation in video 



^ The video shows isocontours of the turbulent kinetic energy (left) and the 

concentration of inertial particles (right) in a shearless turbulent mixing 
layer with a step change in turbulent kinetic energy. The data is from 
fT) a direct numerical simulation in a periodic cube using 512^ grid points. 

^ One quarter of the cube is initialized with high turbulence levels, and the 

^-H remainder of the cube is initialized with low turbulence levels. The ratio of 

the turbulent kinetic energy between the two regions is approximately 30. 
• • The initial Taylor microscale Reynolds number in the high turbulence region 

. ^ is 111. Approximately 8 million inertial particles are placed uniformly in the 

central, high-turbulcnce region of the cube, with the same Stokes number 
^ distribution as in the experiments of [1]. The flow evolves for a total of 7000 

time steps, or approximately 2.5 large-eddy turnover times, with frames 
recorded every 10 time steps. 

The particle concentration isocontours are calculated by binning the par- 
ticles into 128^ boxes and computing the density of particles in each box. 
The concentration levels are scaled by the particle density in the seeded 
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region, and the colorbar represents concentrations ranging linearly from 
(blue) to 1 (red). The turbulent kinetic energy is scaled by the average 
turbulent kinetic energy in the high energy region at initialization, and the 
colorbar ranges linearly from (blue) to 1 (red). 

As the flow evolves, large, energetic eddies mix particles from the seeded 
region to the non-seeded regions. As a result, the particles in the non-seeded 
regions are strongly clustered near the large eddies. The low turbulence in 
the non-seeded regions is not very effective at mixing these particle clusters, 
and we see that this clustering persists throughout much of the video. Near 
the initial interface between high and low turbulence, pockets of high tur- 
bulence penetrate what was originally a low turbulence region. This mixing 
region is therefore marked by high levels of intermittency. 

2 Physical relevance 

This mixing procGss is BiIIciIbj gous to that which occurs in cumulus clouds, 
where highly turbulent clouds laden with water droplets (i.e., inertial par- 
ticles) mix with the droplet-free ambient environment which is marked by 
much lower turbulence levels. A detailed examination of the physical pro- 
cesses involved is given in [2]. 
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